Day-to-day variation of the corrected orthogonial electrocardiogram was investigated in 20 normal subjects. Ten 
Simonson et al.,5 few new observations have been added to illuminate this problem. 6 8 Nevertheless, knowledge of the normal repeat variationi is essential for the effective use of serial electrocardiography in patients, during epidemiologic studies and in investigations of changes induced by hemodynamic alterations anid by pharmacologic or other agents. 5' In the present study, normal day-to-day variation of selected scalar and vectorial ECG measurements have been investigated. We hope this will assist the clinician in reaching valid conclusions on whether serial ECG changes should be considered abnormal or might still be within normal day-to-day variability ranges.
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tape on 10 occasions from each of 20 normal volunteers, 13 of whom were male and seven female. All were employees in our department, ranging in age from 22 to 58 years. The records were taken by two trained technicians who were aware of the purpose of the study. However, in order to simulate routine practice as fairly as possible, there was no special supervision of them. No special restrictions were imposed on the subjects either. Records from each patient were taken at almost the same time during the day over a 14-16-day period, after a rest period of 5-10 min. None of the subjects reported ill during the recording period.
Of the original group of 20, 10 underwent another session of 10 The fourth intercostal space with the subjects in the recumbent position was used as level for placement of the Frank leads. Recording technic, amplitude-frequency characteristics of the equipment, and computer methods used for analysis of the tracings have been published previously.9
The day-to-day variation of the following measurements was investigated.
(1) Time measurements: P and QRS duration, heart rate, P-R interval, duration of Q, R, and S waves, and the time from the beginning of depolarization to the peak of the R wave (R peak time) in the three orthogonal leads.
(2) Amplitude measurements: Peak amplitudes of individual Q-, R-, S-, and T-wave deflections in each of the orthogonal leads and magnitudes of spatial maximum QRS and T vectors and of maximal QRS and T vectors in the frontal (XY), sagittal (YZ), and transverse (XZ) planes.
(3) Angular measurements: directions of maximal QRS and T vectors in the three planes and azimuth and elevation of spatial maximal QRS and T vectors.
(4) Ratios between Q-and R-wave amplitudes (Q/R ratios) and between R and S (R/S ratios) in X, Y, and Z leads. Reduction in daily variation of angular measurements by marking of the chest locations was significant (P < 0.05) for QRS angle in the sagittal plane and approached the significant level (P < 0.10) for direction of QRS vectors in the other planes and also for the T-wave direction in the frontal plane.
Q/R and R/S Ratios
The average coefficient of variation of Q/R and R/ S ratios derived from leads X, Y, and Z was 22.1 + 6.7 (range, 17-32) on the unmarked and 15.6 5.5 (range, 10-22) on the marked recordings. The maximal (96%) absolute change in Q/R ratio in leads X, Y, and Z was 0.032, 0.053, and 0.759, respectively, in the unmarked series and 0.032, 0.020, and 0.348 in the marked series of recordings. These findings indicate that Q/R ratios advocated for recognition of myocardial infarction, especially those obtained from leads X and Y, are relatively stable measurements.
Discussion
Our study was designed to establish standards whereby changes occurring in serial unmarked as well as marked recordings can be assessed. Only when normal limits of maximal day-to-day or repeat variability are exceeded are conclusions of abnormality valid and reliable.
In the present material no statistical differenices of daily variation between male and female could be demonstrated. Positioning of chest electrodes, however, may pose some problems especially in obese women, and it is conceivable that in a larger population differ- ences between daily ECG variability in male and female subjects may be demonstrated. Day-to-day variation in time measurements was smallest compared to other ECG items, and reduction in variation by marking of the chest electrode positions was only minor. Mean and maximal daily variability of QRS duration was only one fourth of what was previously found in standard 12-lead ECGs.5 6 This may be explained by the higher consistency of computer determination of beginning and end of ECG waves, compared to human identification of the same points even when high amplification and paper speed are used. Reliable detailed measurement of durations of ECG deflections at a paper speed of 25 mm/ sec, as commonly used, is hardly to be expected.
Day-to-day variation of amplitude measurements was greatest for small deflections, Q and S waves, but was also unexpectedly high for the R-wave amplitudes in leads X and Z ( Marking of the chest locations did reduce the coefficient of variation of the R-wave amplitude in leads X and Z from 17.6 to 9.0, whereas the variation of R in lead Y was almost unaffected. The latter is expected, since positioning of the electrodes which contribute most to the Y lead poses no real problems. The Y lead is mainly a limb lead. Daily variability of R-wave amplitudes was previously found to be definitely larger in chest than in the limb leads.5 6 Extreme changes in R/ S ratio in lead X were observed in a patient with a near vertical loop in the frontal plane. Vertical displacement of the A electrode changes the effective lead strength and direction of the X lead and can result in quite different QRS complexes in X in such patients. Total temporary disappearance of the Q wave in lead Z and concomitant complete loss of anterior forces were observed in another subject. The findings were reproducible through displacement of chest electrodes. Such extreme changes occurring in normal subjects may be unusual, but should serve as a warning for too enthusiastic diagnostic or therapeutic interventions. A repeat tracing may prevent severe "heart disease of electrocardiographic origin." '4 Technical variability should always be remembered as a source in repeat variability of electrocardiographic measurements. Standardization of methods and procedures, in which the American Heart Association has played a major part'5 does not exclude the possibility of accidental wire breaks or short circuiting, skin electrode impedance problems,16 and amplifier breakdowns. Regular checkups of instrumentation are a necessity in quantitative modern electrocardiography. Above all, however, care and precision in recording should be practiced, and technicians should receive careful instructions in order to reduce variation in electrode placement, which is a major source in daily ECG variation in clinical practice.
